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- TECHNICAL REPORT: NAVTRADEVCEN 1-59-1

v FOREWORD

A study to evolve a density pattern recognition and correlation system
that will be capable of scanning stereo aerial photographic information,
digitizing this information, and then translating it into elevation profiles
is being performed by the National Bureau of Standards under the ausplces
of the U.S. Naval Training Device Center.

This report was transmitted to the Naval Training Device Center in the
form of a letter dated 3 December 1963, which is included in total. The
report summarizes work performed through October 1963. Although the study
is not yet complete, the nature of the information developed at this stage
is believed to be of sufficient value to students of the art to warrant
distribution at this time.

The report presents the techniques employed, which include the scanning
system developed, the method of quantizing densities, and recording the
pictorial information digitally on magnetic tape. Also presented are some
digital pictorial printouts obtained from machine processing of the
originally scanned pictorial information.

Future work on this program will include further analysis and evolution
of a logical scheme for handling density sequences to convert the scanned
stereo pair data into elevation profiies; with this information and an x-y
plotter, contour lines will be plotted automatically. '

Harolid e
Project Engineer
U. S. Naval Training Device Center
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U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

ADDRESS REPLY TO ) . IN YOUR REPLY
REFER TO FILE NoO.

12.3

NATIONAL BUREAU OF STANDARDS

WASHINGTON 25, D.C.

December %, 1963

Commanding Officer

U.S. Naval Training Device Center
Attention: Code 331h4

Port Washington, New York

Reference: Government Order NA 613%39-1-59 and Amendments
Dear Sir:

" This letter reports progress on this project at the National
Bureau of Standards during the bimonthly period of September and Octo-
ber 1963, It includes rhotographs and drawings of the scanner built
under this project, a description of the relationships between the
scanned picture formats and the digital data formats on magnetic tape
and in the magnetic core word formats used in the computer. Also inclu-
ded are several replicas of computer printouts illustrating the ability
of computer programs to process, rearrange, and reduce the scanned data
inputs.

DESCRIPTION OF THE SCANNER

‘The scanner is of the lathe type in which the subject copy is
mounted on a drum rotated by the spindle, while the optical system is
mounted on the carriage and is made to progress parallel to the axis of
the drum by means of a screw driven by the spindle through a gear train.
Figure 1 is a photograph of the Scanner, and Figure 2 is a schematic
drawing of the Scanning System. The picture is scanned helically, the
.optical system having advanced a distance equal to one line of the picture,
while the drum rotates once. The scanner is thus similar in principle to
a facsimile transmitter.

The angular position of the drum corresponding to the x coordinate
of the picture is sensed by a second optical system, fixed in position, and
focussed on a striped band (the sync band) permanently mounted on the pic-
ture drum. A photomultiplier emits a pulse for every stripe on the sync
band and thereby determines the discrete spatial intervals at which density
readings are taken from the subject photograph.

On the sync band aye other markings including a black area where
there are no stripes. This area, which is in line with the paper clamp,
causes a pause in the data transmission which is recorded on the magnetic
tape as an inter-record gap. ’
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It can be seen, then, that there is an inter-record gap corresponding to each
traverse of the paper clamp. Stated another way, there is a record on the
magnetic tape for every line on the photograph.

OPTICAL SYSTEM

The two separate optical systeme, one for sensing the sync bars
and the other for sensing the reflection density of elementary areas on the
subject photograph, are very nearly alike.

An illuminator of the condenser type floods an area on the pdper
that includes the small elementary area to be sensed.

The incident angle of the illuminating beam is sufficiently
oblique to cause any specular reflection from the photograph to completely
escape the objective lens. Thus, the percentage of reflected light entering
the objective lens depends only on the diffuse reflection density of the ele-
ments on the photograph and is independent of Lhe gloss characteristic of the
surface of the paper.

The reflected light from this illuminated area enters an objective
lens and is focussed on a-disc at the image plane of this objective lens.,
At the center of the disc is a square aperture of such a size as to admit the
light from only that element of the subject photograph that is on the axis of
the objective optical system. The light passing through the aperture impinges

~on the cathode of a photomultiplier whose output circuit delivers a voltage

proportional to the luminous flux. These parts are shown in Figure 3.

DIGITAL DATA FORMATS

The electronics system performs the function of converting the
analog signal from the picture photomultiplier to a digital recording on
the magnetic tape. An analog-to-digital converter performs a conversion
each time a pulse from the sync band photomultiplier arrives at the conver-
ter's control. The output of the converter appears on three lines, each
having two possible levels of voltage, which are subsequently recorded on
three tracks of the magnetic tape thus forming an octal character whose
value is related to the reflectance of the picture element it represents.
For example, the binary character 000 (octal 0) corresponds to a black ele~
ment, 111 (octal 7) to a white and 100 (octal L) to an intermediate gray,
as ohown in Figures 4 and 5.

The three remaining information tracks on the magnetic tape are
recorded as zeros, while the seventh track, usually reserved for the parity

bit, is recorded with an invariable "one". These '"ones" record the output

of the sync band and therefore mark a tape record by their presence ond an
lnter—record gap by their absence.
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Figure 5 shows a picture element of 1/200 inch square, ‘which is
approximate. TFigure 6 shows a picture element of 1/192 inch square, which
is the actual size now employed. This dimension can be modlfled or made
rectangular instead of square if desired.

Figure 6 shows the relationships between the picture format,
magnetic tape format, and computer magnetic core word format. :

The'relationships may be summarized as follows:

1. ' Each element on the picture is transcrlbed as a 31ngle
character on the magnetic tape.

2. The grayness,. or reflectance of the element is recorded as a .
binary coded octal number, O corresponding to black and 7 corresponding to
white. Intermediate gray tones are recorded as numbers between O and 7,
the numbers being closely proportional to the reflectance. .

. Provision has been incorporated in the electronics to provide
manual adJjustment of the slope and datum of the photomultiplier output in
order to accommodate the range of densities of a glven photograph to thc
range of the dlgltal output.

5. The grayness information is contained in the three least
significant bits of a character. The other three information bits are
invariable zeros.

L. Each line on the photograph is a record on the tape.

. 5. Each scanner run is a file. At present, only one file is
permitted on a magnetic tape. Thus a new tape is required for each scunner
run. However, where pictures are small, a number of them may be pasted up
and mounted on the drum, if the overall size of the montage is less
than 10" x 10". '

PICTORIAL PRINTOUTS

FPigures 7 through 11 show several techniques illustrative of the
variety of printouts which can be obtained from the digital computer after
- various methods of programmed data processing of the scanned inputs.

. Figure 7, of Abrasham Lincoln, illustrates several points. Because

" there are more columns to the inch than rows to the inch in a computer printer,
it is necessary to compress the vertical dimensicn to maintain the correct
ratic of height to width. This was accomplished by tilting the original pic-
ture of Lincoln, and photographing it obliquely to compress the height as
shown in the inset of Figure 7.

-3 -
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This distorted picture, about the size of a postage stamp, was scanned by
the lathe scanner. 1In this case the computer was used only to convert each
octal character into a character selected to correspond roughly in printing
density to the original scanned character optical density. Faithful repro-
duction of the picture demonstrates that the data is properly entered and -

formatted in the computer memory after passing through the scanner, elec-
tronics and magnetic tape into the computer.

Figure 3 shows the ability to process line pictures in a similar

manner, and Figure 9 shows a tabular printout of the same type of data after
considerable data reductlon within the computer.

, Figures 10 and 1l show printouts of corresponding pairs of sections
of aerial photographs, each about postage stamp size when entered into the
scanner. In these the density characters are used to emphasize changes in
optical density. It can be seen that the pictures are displaced two lines
relative to each other, and the lines encircled correspond.

Instead of the printing characters used, eight digits could have
been used, 50 that quantitative optical density could be read directly at
each point. Of interest in connection with this, IRV has provided to the
Weather Bureau a 1403 printer with a special numerical font whose printing
density in proportional to the digit printed. This satisfies the eye in a

gross sense and prov1des direct quantltatlve readout at any point in the
picture.

Future effort is being concentrated upon the computer programming
in connection with the problem of automatically reducing stero pair data
into elevation data and contour plotting on automatic X~Y line plotters.

Veryvtruly yours,‘

Martin C. Stark '
Engineering Applications Section
Data Processing Systems Division
Enclosures: List of Figures,
Eleven Flgures.
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" Figure 1. Photograph of the NBS Scanner

U
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FIGURE 6. RELATIONSHIPS BETWEEN PICTURE AND DIGITAL DATA FORMATS
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PRINTOUT OF IMAGE STORED IN COMPUTER MEMORY
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Figure 8.
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CURVE1L 2 3 . ’
X | Ymin Ynax {Yma Ynex w.vm‘vnnm ‘ ) ‘

0186 OLO4 0108 (283 0294 0795 0798 0953 V9%
-G185 0104 0108 (28% 0298 07195 0798 0952 U955
0[66 0104. 0108 0287 0303 0795 0798 0951 U955
0187 0104 0109 0232 0309 0795 0798 0950 0954
Ul88 0105 OLlt 0297 0315 0796 0798, 0949 0953
0189 0105 OL14 0302 0322 0796 0798 5947 0952 . N
0190 0107 0118 0309 0328 0796 0798 0945 V951
Ul91 0109 0123 0315 0334 0798 6799 ‘09&3 V949
0192 0113 0127 0319 0338 0797 0799 0941 0947
0193 0117 0133 0324 0342 0797 0797 0929 u9%4
0194 0122 0139 0329 0344 0‘191 0800 0937 u942
0195 0[)0‘0[66 0333 0345 0798 0800 0336 U941
0196 0135 0151 - 0337 0345 0798 0800 0934 v938
U197 0143 0160 G340 0345 0799 0801 0933 937
0198 0[50v0166 0337 0346 0799 0801 0931 0936
0199 0157 0174 0337 0346 - 0799 0802 0930 0934
V200 0165 0180 0335 0345 0800 0802 0929 (933
0201 0172 0187 0332 0344 6800 08%2 :0928 u952
0202 0177 0193 0329 0342 0800 060;‘ 0?27 6931

0203 0183 0197 0327 0340 - VB0V 0803 0927 0930
0204 0187 0200 0325 0337, 0801 0803 0927 0929 -
0205 0191 0204 0323 0335 .°0801 0803 0926 U929 .
0206 0195 0207 - 0321 0332 0801 0804 0926.0929
V207 0200 0210 0319 0330 0801 0804 0926 G928

" 0208 0203 0212 0317 0327 0802 0804 0926 0928

0209 . 0206 0215 0315 0325 0802 0804 0926 v928
0230 0209 0216 0313 0323 0805 0805 0926 0928
0211 0211 0218 0310 0321 0803 0805 0926 0929

0212 0213 0218 0307 0319 0303 0805 0926 U929
0213 0214 0219 0304 0316 0803 0805 0926 0930

Figure 9. .
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CIXXLRTEXTLLTXXTTRTXXLIIXNNXXXTELLRL,,

s
8 TRA L

XXXXTXNXXXXNXKXXXXKNNXTTFTXXLLTUXTUTTTTX LT T TXXXXXXXTVUITTIXX1LTL)
XOOOCXNXNXOCH XN NN XX TTTETTXTITTIXTT T AT L UXTTTXXXTTITTI=11 TXX, 1
XXX XNNX XXX XNXNNXLTTTTTTTT AL T AT IXTIT AT T XXX XXX VTV 1==111TT1
TXXXXXXXUNXXXTXXNXT=TTTXTTLLT Ly =TXVTTTTITXXTXXXVTIVXTLY
XXXXXNNNNNNNXXXXXTL=TTTLLITTT=, TXXXXXXXXXXXTTXXTTXXXT]
NNNNNNNNNXOOCCKNX LT TLITT1=== 17T LE TXXNNX XX XX XXX KX XX TTXTTTXLLLLL=TTT == TXX TV T XXXXTPUXTTXLUXXXTLATUXL=1207T==TTE11111=11
XNNNNNNNNNXTTXNL=TTXT1=1=11TL=TXXNXXXXX XXX XXNXXXXX XX TXXX XL TXTXXX====TXXTTXXEXXXX XXX AXTLTTL==1XXV1=FT1=,11=1TVITILT
NNNNNNNNNNXXXNXTTXXTL= LXNNNXXXXXX X XXX TXNX T KX TX XXX T T TT T =T LTI I XX T AR T ET T IXKXLITL=2 T PTTTLIATAR=TXTLITT A==
NNNNNNNNXXNNXXT=TXXT1= TXXNNXXXNXNXXXXXTTITXXTVTTYT AL UX T =T =177 T qT== == TTXXXTTLTTITXL=TT111==TTIXL1Th=
NNNNNNNNNNNNNNX=TTTLTLT] IXXNXXN XXX XXX XXX T XXX XX TL TP P TTIXX =17 =T XXX T ==Ll LA FTTATTAT =T XX =2211TX 1,y =TX1TT]
NNNNNNNNNXNNXX 1=TT===FT1 TXXXXNXXXXXXNXX XXX XXX TTLTXTTTTXXXL =T T=XXXXXTLLLT == TPTTTTTITXXNXTRLT1LLL==TXTTT ]
NNNNXXXNNNXXXL=1 =TT} STXXNXXNNNNXTXXXNNXX XXX XXTXXXTTLTTXT,, ==TX1TINXTXXTLL= LITTFTTUTXXNXXT12)TEFL1==TXTLL
XNXXXXXXXXXTTLLL 1L100==11T1ETXNNNXXXXXXXXXNNNXXXXXXFIXTTLITXTT === T =XXXXNXXXTL]=1=1TTTT1LLI=TXXNFIXTLITTITXTTITL
XXXXNXTTL1=T1=1=0, =TTTTTFT LI T T T T XNNNX XX XXX XXX XXX T XX TXTFITTITXTXXXL=1==1 1= XNNNNNNNXTLLLLAXTPTTTTLLTXXNXNXXXXXTTTLLFL
XXTTXTEILTALL,,y,=1==0T L 1TXT==TTLLTNNNXOCKNXXNNXXNTT T XT XXX TTXXTXXNXT,==1T1 L TNNNNNNNNXXTITTTIXTXXTLTTTXXXNXXTXXTTLLLTL
XXTTTTTLTTT ., o LTI PTTUXTVLILTTLLTNNXT XX XXXNNNXX TTTXTXTXX XXX T TXNNXL= =T TELXNNNNNNXXXXXTLTTXXXX1=TT1FTXXNNXXXTXTTXXX

413

TXXTIXXTTTLL=TXXTXTTXTOTTITITXT T V==TTITV],===]T=
ETXTIXTATTTL=IXTXXTPXXXYTLVTTITU==T10TELLITLLLL=
TUXXXXIILTTe=LTLETT VU XXXTITATTITL=TTL1LRL0TT, =1
s ITXTLITTITT T =T T=1TTIVFTIXXTXTTXXTIL]=11 =e=]]]=
TTXXLTTXXTTIVITLTL=TXTLLLIXXTT=101T21=TAV=111111

TXXTTXXXXTT e TXNXXTITXTILTLL = XXNXXXX XXX XXNX XXX XXX TTTXTTITTXXXNXL y o =] TXLTXNNXXXXXXXXXTIXXXXTTTX 2 ==1TXXXNXTXXNXXX
XXXNXXXTTT1 TTTINXXTTTITTL=E T T TXXXXXNXXNXXXXXTTTTXTXTXTTTTTNNNXL, TETXXXNXXXXXXXTTXXXTLITTTXILL=FXTTXXX L XXXNNX
NXXNNXXXXX] TITXTXXTTTTXTTTUTXXXNNNXNXXXNNNXXXTTXXXXXXXTTXXNNNNT = S IXXXNXXXNXXXXTXX=1XX=1XXTL1TTLl=1XXETTTXNN
XXXXXNXNXT TYTXTXXTXTPLLLTTTXNXNXXXNXXXNNXXXXTXNXNXXXXXXXNNNNNX = LITXXTXXTXNNXNNXTTL=, XXXXXXT1=11TTLTXXN

TXTTXNXTXXXKXXXNNNXT 1=y TXXXXXXXX1==TLTTXN
TXXNNNXXXXXXXXXNNNTLLLTT=TTXXXNNNNXTL==TTXN

NNNXNNNXXX TXXTTTXTTUXTTITTXTXXXNNXNNXXNNXXX XXX XXX XXNX XXX XNNNNXT =
XXXOXNXXXXX==TLTTXTLITTTTTTTXXTTXXNNNNNX XXX X XXNXTTTXXXNNXXXXXNNNNNT L
XNNXXXXXXL o =XTTTXLLTTTTLILLLL LI TXNXXNXXXTXXTXXTTTTXX XXX X XNNNNNNNNT = TXXXNNXXXXXNNNXXXNNXTTTT XXX XXNNNNMNXXXTTTXX
XXXXXXXXXE=1TTTTLITITIXTITTTETTETUXXNNNNX TEXXXTTTTX T XXX XXX XXNNNNNNNT L LTXXXNNXXXNNXNNNNNNNNRXXXXNNXXNNNXNNNNNXN X XN
XXXXXXXX1=TTTIXTTIXTITXXXLTTTTTTXXNNXX XXX XXX TTTXTVTIXTX XXX XXNNNNNXXE=1T1 TFXXXNNNXXNXXNXXNNNNNNNNNNNNNX XXX XNXX X XNNNNN

XXXX XXX TITAXTTXTLITTTTLITE XXX XNNNXX XXX XXX TRXXTTTTXXTTXXXXXNXNNNXL==T1 1 TTXXNNNNNXXXNNX XNNNNNNNNNNXXXXXXT TXNNNNRNNN
XT1TXXy SEXTTXXXTTUXXTTIITXXXXNXNXXXXTTTTTXTIXXXXTTRX XXX XNNNNXLy « =1 LTTXXXNNNNNNNNNNNNNNNNNNNNNXXXNX X TXXNNXNNNNN
TITIX1l= EXXXTTTXXXEXXXX TTTTXXXNNNXNXNXTTTTTT XXX XXT XXX XXTXXXNNNNT =, == TTTXXXNNNNNNNNNNNX Lo XNNNNNNXXXNXT X XNNNNNRNNN

s LXXXTXXXTTXTLLTTTTTXNNXNNXNXXTXXXXXXXXXXT TTXXXXXTTXXXXT 3 3 =1 LTTTXTXXNNNNNNNNNKL DX XXXXXXXXXTXXXXXXNXNXNNN
LTXXXTTXXTTXTTTTTTT TXNNXNX XXX XXTXTTXTXXXXTTTXXNNXTFTTXTL===T IXTTXRX TXNNNNNNNXXOOCXOXKTTXXXXTXXX XXX XXX XX XX
LILLITTTXTXTXXTTXXX X TXXXNNXXNX XXX TXXXXTXX XXX TTTXR T T ETXNXT Ly oo TEXXTTTTLETTXXXXXXXTXXXNKXFTXXXLTXX XXX X XXX X XN
SITT L TXX T TXXT T UL XXX T XXX XXX XX T T T TXXX T XX KX L VT XXX T TP U TXXX T L=y =T XNXXXTXTTTTATXXKXNXXT TXXXXXXTTT=XX XXX XXXNXXX
1= T LT XTXNX LT TXT T I T XXX XXX T T U X T XTI X TP T XX T U T T UX TV TTTXTTTXKT ==X XNNXXTTTTTXTT XXX TXNXXXXXXTXNXXXXTTTTTTXXXXXX
TITLLLLTXXXX1 =L ATXXTTXXXKXXX TXTOT TR TXTUXXTIXTUTTXXTLTXXXXXXT XXKXXXXXAXTTTXKT XXXXXXRXXXTXNNXXLTXXXXXTXXXX
TXTXTLL=TTTTLLT TTXXX TIOOCOOCXTTTTL LA TTXX XXX TLTTTTXTFITITITTL TXNNNXTXXXXXT TXXOOOCCO0O0COOCCNEX X TXT T XXX XK XXNX
W= TXTTTLLTTTTIT I TTXRX XX XX XX T LT TP T TL T TXTUNNNXXT T TIXTTXXXL 1L ==, 2 TXNNXTXXTXXXT TXXXXXXX XXX XXNXNXNXXXTTXX XXX XXX
TUXX o =L TUXTTXTXTTTT = TUTITXXXXXTOT L LTI R TXTTXXXXXTTUXT TP TIXNXT =15 o L TXNNNXXTITXXXXXXXXXXXXTTXXXXXNNNXX 11T TXXXNNN
TYRT LT L XX XXX TX T T TT L L L= XX XXX XX TX T TT L 7= TP AT PO XX T AT LTV T T IXTTNLT =0 TTXXNNAXXL L1 RT=TRXXXXXXXTXFXXNNNXXNXTTTTXXXXN
TIXNLTTTXXTTTT X LT TP L A VXXX XXXXTVLLTT T o= L TT TRV TXXXk=TATXXTVOITX XXXXXXXTXT1L==TXXXXXXXT TTXXXXXNXXXXTTTXXXXX
TUXTLIFXXXTTTTXXTT L TXXXXXTXXNXTTTL==== L TTXLITXTLLTXTNNXTTTXXXTTXXX11 TXTXXXXXXXXTTTTTTTTTXNNXXEXTXXXXNXTETTTTTXXX
TITTLTFXLATTXTITIXXI=STXXNXXNXXXT] TILTTTTTLRITTUXXTIXTLTXTTTX ==y o TYTXNNXXXXTXTTIFXXXXXXXNNXXXTXXXXXXXTLTTLTXX
ITTITTTTXTITXXXXTTTUTXXXTTXL g = o2 XN XXNXNNXXXT T L= TXXXXXXXXXXXTXXXNXXTLTATTVYT
SLILLITXTTXXXRX KKK XXXXTL=0 = LTXXXKXXNNNXXXTFTTXXTXRKXXXXXXTXXNKXXTTLTTXX
sTTTTTTTTTXXXXNXXXNXXTT e TTTXXXNXNNNNXXXTTTTXTXXX XXX TTXXXXXNXXTXTTTXX
LILTTIXTYTXXXXXXTTXXTT s o= ITTXXXNNNNNNXXXTTTRXT TXXXNXNXXXXXXNNX L TXTLTX
ATFL=L TLTTXXXNNXTXX XXX TFUX =2,y o =TT TTTXTXXXXNNKXK XXX TTXT TTX XXX XXX XXX XXNX TTXXTTT
LLITELTLIIXXXTUTTXXTTRATUTT Ly 9 9= TUXTXAXXXNNNNXXXXXXXXXTLXXXXXXXXKT TTXXXXXXTT
LLTTTITLUTTATIXXXTATITXXTL,. TXTXXOCT XXOOOCKKXTTXXT TXNXXXXKXTX VAT XXXXTTT

TIIT] XRXXYTIXTIvL, . TIXTTXXXXT T XXX AT XET T TXXXKXXTEXTIXTXXTLT
IV TTATLITXXRXXTTITIXTL,. XXXXEXXKXAKAKX L= ITTTXNXKT T TXXXXXX
ETTFTTTT T XT L= TXXXXXXTT 00 a TXTTXNXKXXXXTXXTXXNXXX T===FXTTXNNXXTX ) XXXXXTT
LLTXTLTXXXXTTTXXTXXXXXLgpo p=TXXXTXXNXTXXXETXXXNXXXTLL == LXXXNNNXXXXTXTXXXT
SLTRTTTTTXXAXXTXTTXXNXLea===T TTTTXXNXXXXXTLTXXNXXXXTLLLATTXXXXXXRXXXTXXXT
STLLLITTXXXXTTTXXXNNXL oo s= LB LLTXTTTTTXT XXX TXNNXXXXT TRLTRXTXXXXXXXXVTLLT
LLTLLATT XXX TTT T TTNNNT gaue o2 FL=TXXTTTXXXTXXTXXXXXTTIX TUXXXXXXTTTTXXXTTTXT
ELILLETTITLTXTTXTXNXT Ta,2lmy 2 LL= XXX XXXXXXTTT TXXNXTXX XXX TTTXXXXXTINNXLYTT
ETL1=== 01T PP =TIX TV TTTLTTXNXXT L, = TATTTXXXX XX TXXTYTTX XA TTXXNNXTTTITTFLTXXXXLTT
P ALTXXXTTXTTLLTTXXXXTVITTLITL 1T1===1=TLITLITTTTILTTITTTXXXXXpasmp=T ITRLTTXXNNNXXXXXXITTTTTTTXXXXXXTTXTXTXXTXXTT
EXXXXTTTXT=TXXXTNXTXTL11T1= 11111=, FITR=LLTALTTITXTVTTTXXXXX, =T), = TXXXNNNXXXTXXXXLTXX TXXXXNXXTXTXTTXXTTXT
= XXTTTTXXLTXXXXXXTITUTET A== 10 00T TTATL=TL=LL TITTTIXTTUXTXXXXX] ETTLL oo SIXXXNNXXXXTXXXTXTTFXXXXXXXTTXXXXXTTTT
ST T PXXXXTXXXTXXTTle== TV L LTI TTA ==T =1L VT TR LTXXKXXXT g 42224 TTTT =500y ETTTNNNNXXXXXTFTTTANXXXIXTTTTXNXXXTT
TETLLTXXXXXXXXXXXXTLL=1TTi=1TIITTTTLA LA LTI TXTLITTXNNNXX =20y =111V =m0, o= LT XXXXXXXXXXT TEXNXXXXXTTTTXXXXNXT
ET==TIITTTIXTITLLITL=1 10 TTXTXXNNNNNK, 9=1,=,=TTTTi=. L1=LITXXXXXXKXTITTXTXXXXXTTUXTXXX XXX
e TLLTXTTXTXXNNXXTTLTTT IR == 1 FVTILTXXXTTLEl=== AT TTFXXNNNNNXT, o =112 kmXTTTT Ty 009 ll=LTTXXXUXXXXT LLTIXTXXXXXTXT XXX XXX
WSTTTTTTXTLTXXKXXXTLLTV ===1=10T1 2T TTTT I T==4aeTRTTTTNXNNNNNT e a=l==TaTITXTTT Ly o LLLLTTFTXTXXXNXTIXTTTXXXXXTTTXXXXXX
STTTTLTXLATXTXXXTTLTT T =, = k=T TFTLATTVTITTTLLLT=TTTLTXNXXNANK ) ¢e=21==TTXXTTTT Ty =17 TTIXXXXXTXXTTITLTXXXXXTTTXXXXXT
CATTTTIXTITLITIXTTLLLTT h==1==TTLEATVTITTITATTIXTXTTXXXNXXXXL
TYTLTXTXXXXXXTXXXXLTXTFFLTT==TL VT =T FLATTITXXXXXTXXXNXXXT V=,
T, STXNTTXXTXXTTIXTOTTh==21T1=l 1 TETTATXXAXXXXNNRXNXX XD, o
T11 TUTXXXXXXTTTXXXTITL1=1=L FPRLL AL A TTXXTXXXXNNNNNXNXT,
L=y === XXTXXXXXXXTTXXXTTTIL1L=2T2LTTTLLI=TXXXXXXNNNNXTNXX L XXXTLTXXXXXXXTXXXTYgus = TTLFTLLLLTFLIXLYTTITOTXTEXLTT
p =L TXOXOXKXXX XXX XXXTXXTTTTLTR == 1 1 TTTERTXTXTXXXXXXXNXX X= o 1TXTe=sXXXXTXXTXXXTT1===TXTYVIXTTFFTTFLIXTTLTTIVITIXX
e=TLTLTTNNXXXXXXXXNXTTXXXXXTIXTLTTTTITTTTXTTTXNXXXXXNNXXL o o =TT PUT == INNXXTXXXXXXTTL =y =XXFTLXXTITXTATTXTTIITTIXTTUXX
STTTTTTTTXNNX XXX XXX TTXXXXNXXXTLL TTTXXXXKXTTXNNNNXXXNXTT === 1XTT1==NNXXXXXXXXXTTY 3o a=XXTTTXVTTTTATLITXTUXTTIXTTIOX
e TTTTTTXOOOOOXTT TXXXXXXNNNNNXXXTL TTXXXXXTTTXNNXXXXXXXX L g g s o ATTXXE ==X NNNXXXNXXXXTT 1 == XNXXXTLTETTLATTXVLTTIXTYTXX
P ETXTXTXXXXXNXXXKTTXNNNXXKNEXNNXNXL TTTXXTUXXXXNNXRXEXXXL ] g o=k TLTT T LLTNNNXX XK XX TTTTT TV L =TXXATLTXTTRTXXT O T ==TXTXXX
= TTXTXXXXXXNXXXTXT LTXNXXNNNXXNNNXT FTTTXXXXXNNNXX XXX XXX T Ly y o =R TXITLLTTXNNXXNNXXXTTTTTTLTXXXRT IXXXTLITL=XT 2= TXXX
STTTXXXXXXXXXAKXTTXXTTXXXXTRX XX XXNXXTFTLTXXNNNNNX XXX XXT==0 o = TTLTTTT1=1 TXNXNXXNNXXXTXTATI=TTTTX1=1TTL40LTTXTTLILIVYY
ATTXTTRXXXXXXKXAXTTTXTXXXTFXXXXXNNNXNXLTXNNNNNXXXXXXNTLL , XNNXXNNNXXTXXTE11d==TTT]=====T=TTTTI1=Tll=
TETTEXXXXXANXXXXKKT TUXXKKKXK XXX XNNXXNX TNNNNNNXNXX XXX XX T TXNRNXNNXXXXTTTL==1=11TTT1VL1TVL==F11T111TL
LLTTTXXXXXXXNXXXXXXXTTTTTXXTTXXNNXXNNNNNNNNNXXNNNNNX TTT=2, =T TTTXT1110= = TTXXNNNNXXXLTXT1R=1TTLTLTXXLTXT=,TX11TT1=1
LATTTTXXXXXNNXXXXXXNXXTTTXTTTTNXXNNNXNNANXNNXNXNNNXXX12, o Rl ==TXTTL=11=,,=TXNXXNNXXXL1FTTT=TITLITLIXXTXTIT1=T11TTT]=
LLTXTXXXXXXXNNXXTTXXNXTETLLXXTXXNNNXNNNNXX TXXXNNNXXNXL g o o= TTRETIRTLATTT o s XXTURXXXXTUXX P Y == TUUXTTTVTXXXT 14, LTATTLL
TTTXXXTXXXXNNNXXTTXXXXTLTETRXXXTXNXXXXXXTTXNNNNNNNNX T LTETTUTT I T T =0, TL= L TXXNNTETXXXX==TXXXFTTTVTTXTLLTVLATYT
TETTTIXTITUXXXXXXTFXXXXTTUTTXRXXTLTXXXXXT XXX NNNXNNNNNX = STXXTXXXXTTTL==1 0T I=TTXNXILTXXTT=TTIXTLLLLTTYTLI==111=7X
LLTTTTTRXXXXXXXTUUTVTTTUXTYTIXXTLTTTTXXXNNNNNXNNNNNX = ==TTLTXXNXXTI=1, o TTU=21XKX1=TXTTXLLKTUXTIVILL=1TV L he2=TT
TITTTTXXXXXXXXXXTTXTTXXTXTTTTXXXXYTTTXXNNNNNNNNNNNXL g0 g0 p =5 LLTLTTTXXX11=11 y= L TXXTXXTLSTXXTTT=V TATXTITLLTIXX L ====TT
ITFTTTITTTXXXXTXXTXTXTTFEXTTXXTXXNXXX T XNNNNNNNNNNNX T 2=ITTTTLATXIAVLA L ==T1 Y L LATTATTTT=0 TLTXTTLATOTIXTILYIXY
1=TTTTXTXXXXXXXXXTXTTTTXXXTXTTXNNNX TXNNNNNNNNNNNT L=, == ETTTTTLLTVLILL), o =T TX ==Y V1A TXTL=0=1TATT1ILL=TX]1=TT==Y
ETTTXTIXXXXXXXXXTTXTXTTTXXXXNNNNNNNNNNNNNNNNNN X =LLIATTTTTXXTYTITI1=12TX11==T == TTL=PVY TTLTXTTXTLITTTTLILT
TTITUTTTXXTXXXXXTTTTTXXXXXTTTX XNNNNNNNNNNNNNNNX 1==1T1=1XXXTTLTTTLTLIATI1L T T==T==TT L =TTTXATLUXVLTTIXTITL
PUXTXTTFTTXXXXXTETTTTXXTTLLILLLTNNNNNNNNNNNNNNT =T 21R111LLATTXTTLTT U ==XXI1 TXTL=11XXXT1=TIXXXT L= TXTXTTVVTV
TTXXTTTXXTXXNNNXTXXTTTXXXX1y==T TXNNNNNNNNNNNXLLys o =LTXXTATTTLRLTTXTNNXL TTXXXXTTXXXXXXKTTXNXXXXXXT
TLTXXXTXXXXXNNNXTTTTLTXXXTTTXTXXXNNNNNNNNNXTL. . e Zh = ITTIXXTTTL===2 L TXTXXLATTTXXXT T TTTTXXXXXNXXTXXTY
TLITXXXTXNNXNNNXTTTXTTTXXTTXXNNNNNNNNNNNSNT , . ==L LLETTXXTLI1, 1T 0===T 1L TXXTXTXTTTTTTXXNNXXXXXXX
LLIIITXXXXXXNNNXTTTLTXTTXXTXNNNNNNNNNNNNNT =, ., =1TTITTITL TTITLLLVXXTUXXTTXX 1L UTXXXTTXXXXXXXX
L=L111TXXTXNNNNXTIT111=TXXXXXNNXNNNNNNNNXL= =1e=TTXXTTTL=1=, =2 TLETINXXTXTXXXX1LLATFTTTTTTTXXXX
TLEILLILLXXTXNNNNXTTTLL=1TXXTTXNNNNNNNNNX 1 1=TLITTTTh=lmy 422 L= TXXXXXXTXXTLATLTYTTTTTTTTXXX
1LATTL=1TTTXXNNNXTTTLL1==TTTXNNNNNNNNNNT== =y=TXXT1111 y==a===TIXXXAXKXXTTITTLILLITTXXXTXXT
LITTLLLLFTXXXNXXXXTEL1121 0 1 TXNNNNNNNNNXXXTT 1=2s] TXXTLL p=Eas= LT XXXKXXXNXXTTTLLLTTATXXXXXXT

XXXT==]1=TXTTTTTTNNNNXXTT==Tl==
FITTLILLUXTXTLTXNNNXXTXTL,
TTLLITTTIXTTIXXTTTXXXXXTTTITITL
XXTTTTTTTXXXXXTRITUXTTTL
TXXXXTTITTTTXXXTEXXTTUITL
XXLETTTXXXTXTXTITXTTITLILLL

xt1

XXL=TITTTITXLLTXXXXXXXXX1L1ll==
TYTIXT=1TLITXTLYTXTTTXXTLL1Ll==]=
1=11TX1=TTTTITTTIXTI=TXXTLI=11V7TV1]l==11
yETTTXXTITTTTTLUXTXXXT IV ===TFT111T71=
«e=T11T1=1=1TPTTXXNXTTLLI1111
pee=1TTTTL11==TXXXNNX11TT11=

1
1

Ly=1TITTTXXXXNNXXXTTYT11=

T =TTTXTLTOIOXX Y=, =TTV LT TXXTLTYITTAVRTTIVITXTXTTITXT
VX =TT IR T TTXXT 0= TXXTITTTUXTIXXTIFLA=TTTTXXXTTLEX
XYXTLTIVTIXTTTTTXXL, TXXTYTTLLL=TVTTTITTTIXXTVTUXTYT

et

Figure 10, Printout of Aerial Photograph - Left
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IXTTETX TXX XXX XXX XXX X T XXX X TV TV VT OXXT L =T T l=a= TX LT XXX XXX T XXX TXX TP P IXTTXTXXXT122= LTTTXTITTIFLL=AT1==11TT1=1TT1TL1110=
XTTTXTXXXXXXXXKT XXX XX XXX T XX TTTXNXL ITTT L === TTTT T XX T XXX XXX XX T XUXXTLLTXXXT L=, y==TTTITL=T11TT]L= =lTYTTTITITITINL=211L
XXX XXX XXX XXX XXX XXT XNNXXT T TR T XXX TIXXTLh=d b AT TXT R P X XXX XXX TXXT L = TXXXT =, =1 TTTTTh==1 01T ==TLl=VTTITTTVL I =22
XXXK XXX XXX XXX XXX XXX NNXKXXKXNNNNXT LT LTX T === T LT TP TP LA XX TXXXXXXXTTL 1T XTh=,=TXXVLYTLI=11TVL1LLTE=1T7T701=1TTIL121=2
KHXKX XXX XXX TRX XXX XK K XX XX XXX XNNNNX L TTFT L TTLT T T I T T T T T TXX XXX XXX XV TTLATXT L 100gey =T XXTLTTTI=LATTLFFTFITTIIXTLL=TXLITY
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Figure 1l. Printout of Aerial Photograph - Right
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